The path of the Kuroshio Extension describes two stationary meanders with crests at approximately 144°E and 150°E. The short-term meridional fluctuations of the warm water spreading northward from the first crest at the surface and its vertical structure were analyzed by using 5-day-mean surface temperature maps published by JAFIC, monthly 100-m-depth temperature maps edited by the JMA, and CTD data obtained by the R.Vs. Kofu-Maru, Hakuho-Maru and Tansei 
Introduction
The Kuroshio Extension, as it was defined by Sverdrup et al. (1942) , is the eastward continuation of the Kuroshio beyond Cape Inubozaki. It represents the southern limit of the Perturbed Area (Kawai, 1972) considered as the transitional area between the Kuroshio and Oyashio fronts in which intense mesoscale variability takes place.
By using distributions of the surface current measured with GEK and the indicative isotherm (14°C) at 200 m depth for the Kuroshio axis, Kawai (1972) demonstrated statistically that the Kuroshio Extension takes a stationary meander path with crests at approximately 144°E and 150°E (first crest and second crest hereafter). Mizuno and White (1983) , using XBT data collected mainly by the TRANSPAC XBT program, confirmed a quasi-stationary meander pattern with crests at the same longitudes interpreted as lee-wave meanders. In their study, a composite of the Kuroshio paths indicates standing mode variability with positions of the minimum path displacement (nodes) at 140°E, 149°E and 152°E with maximum path displacement (antinodes) in between.
At 144°20′ E, for the periods 1933 -1941 and 1948 -1954 , Kawai (1955 showed a secular oscillation of the Kuroshio front with a periodicity of 4.5 years, though seasonal oscillations were scarcely recognized. Kawai (1972) and Kawai (1989) , extending the time series to the period 1933-1969 and 1933-1988 respectively, between 141°E and 146°E for the north limit of the Kuroshio (NLK), showed similar results. The NLK was defined by the latitude of the first crest of the meandering Kuroshio path. Murakami (1994) , analyzing the latitudinal variations of this northern limit during the period of 1954-1993, found cyclical periods of approximately three to four years and also a cycle of approximately twenty years in which the NLK has maximum and minimum values. Mizuno (1984) confirmed the weakness of the seasonal variability of the NLK and showed that the first mode explains interannual variability of the large-scale northsouth displacement of the Kuroshio Current System by the use of empirical orthogonal function. This interannual variability was associated with the two typical shapes of the first crest presented by Kawai (1972) , the first involving much distorted meanders spreading into higher latitudes and the second involving regular sinusoidal meanders with smaller amplitudes (Kawamura et al., 1986) .
The extreme latitudes of the NLK in the previous studies were near 34°N to the south and near 40°N to the north. Abrupt southward shifts (about 2 degrees) were associated with the detachment of big anticyclonic eddies into the Perturbed Area. The higher latitudes of the NLK were associated with eddy formation or with eddy reabsorption by the main current (Mizuno, 1984) .
The first stationary meander is usually regarded as the main source location of warm water spreading into the Perturbed Area east of Japan. The warm water supply is manifested by a variety of phenomena, such as warm-core rings (WCRs), warm tongues and warm streamers. Kawai and Saitoh (1986) described the case in which a large-scale front separates from a portion of a northward meander of the Kuroshio front. Some of the separated fronts (secondary fronts) return to the primary front after taking a detour which surrounds a large pool of warm water. A warm tongue is likely to protrude northward in the surface layer to the right of the secondary front, facing downstream (Kawai, 1965 (Kawai, , 1972 . Kawai and Saitoh (1986) characterized this warm tongues with a depth of 50-170 m and a width of 60-100 km. They also defined geostrophic warm streamers with analogous characteristics to a warm tongue but with a depth of 25-50 m and a width of 35-70 km.
Streamers spiraling around a WCR are also frequently observed. These spiraling streamers could develop from a frontal disturbance in the Kuroshio Extension or in a neighboring WCR. Azimuthal velocities of these streamers were believed to be geostrophic, but their radial components were thought to be ageostrophic due to their small magnitude and quick changes (Kawai and Saitoh, 1986) . Using satellite images, Sugimoto et al. (1992a) , in their description of streamers spiraling in the periphery of WCR 86B, observed streamers of 23-35 km width which had a generation frequency from the Kuroshio Extension of once every 20 days and 40-50 days. They pointed out that frontal waves might be important for the generation of these warm streamers. Yasuda et al. (1992) associated the northward movements of WCR 86B with the intrusions of warm streamers from the Kuroshio frontal disturbances.
The behavior of the Kuroshio Extension and all the warm structures mentioned as originating from its northern boundary are essential to the fishing industry. Warm streamers become important routes for northward migration toward the feeding area in the subarctic region (e.g. Kawai and Sasaki, 1962) , and together with WCRs are directly related to the formation of fishing grounds (Sugimoto and Tameishi, 1992) . In the Perturbed Area, skipjack, yellowfin tuna, bluefin tuna and sardine are associated with warm streamers in their northward migration, while fishing grounds of flying squid are associated with the interior of warm-core rings (Sugimoto and Tameishi, 1992) . Kawai (1959) , using data obtained during [1947] [1948] [1949] [1950] , observed that although the main fishing ground for albacore (caught by pole and line) in most years appears south of the Kuroshio Extension, during early summer it is present in warm water masses coming from the Kuroshio Extension inside the Perturbed Area. Nihira (1992) observed that skipjack with body length over 45 cm pass over the Kuroshio front and enter the lower temperature waters of the Perturbed Area using warm tongues and warm streamers as migration routes. Tameishi and Sugimoto (1994) found sardine schools in warm streamers inflowing into and outflowing from WCRs off the northeastern Japanese coast.
The purpose of this study is to analyze statistically the short-term meridional fluctuations of the warm water spreading northward from the Kuroshio Extension into the Perturbed Area at the surface, and the vertical structure of this northward spreading. Seasonal variability of the warm water spreading is also discussed.
Data
The horizontal hydrographic structure of the area was analyzed by using 5 and occasionally 6 or more days mean surface temperature maps published by the Japan Fisheries Information Service Center (JAFIC, 1990 (JAFIC, -1994 , and monthly 100 m depth temperature maps edited by the Japan Meteorological Agency (JMA, 1990 (JMA, -1992 (JMA, , 1993 (JMA, -1994 , corresponding to the years 1990 to 1994.
To clarify the vertical structure of the northward spreading of warm water, we used CTD data obtained by the R.V. Kofu-Maru cruises at 144°E three or four times a year during the same period (JMA, 1990 (JMA, -1994a , and by the cruises of our R.Vs. Hakuho-Maru and Tansei-Maru in the spring of 1994.
The effect of the wind stress on the temporal and vertical structures of the spreading warm water was discussed using wind data corresponding to the coastal station Tateno (36°03′ N, 140°08′ E) at the pressure level of 850 hPa, and those obtained by the R.V. Kofu-Maru cruises along 144°E between 35 and 37°N at the same pressure level and at the surface (JMA, 1990 (JMA, -1994b .
Method

Indicative isotherms of the Kuroshio Extension axis
At 100 m depth, Kawai (1955) proposed that the water temperature indicative of the Kuroshio axis at 144°20′ E is 13.1°C for the period January-March, 15.1° for August, and 16.8°C for November, although the data set used in his study was not statistically adequate. Hata (1969) , using temperature-salinity relations at 0, 100 and 200 m depth from 34 to 43°N and 141 to 150°E, found that it is conceivable to take the isotherm of 15°C at 100 m depth as the northern boundary of the Kuroshio water for winter and summer. Kawamura et al. (1986) , for the same area and also at 100 m depth, used 14 and 15°C for a period from November to June. Kawai (1972) observed statistically that the position of the Kuroshio axis in the Kuroshio Extension at the first crest could be well represented by the 14°C isotherm at 200 m depth and by the 9°C isotherm at 400 m depth. At 300 m depth Mizuno and White (1983) mentioned that the 12°C isotherm was consistently located at or near the thermal front in all seasons.
In this study, the isotherm of 15°C from the monthly 100 m depth temperature maps published by the Japan Meteorological Agency (JMA, 1990 (JMA, -1992 (JMA, , 1993 (JMA, -1994 was used as reference for the Kuroshio axis, although, as shown latter, that was not suitable in autumn. To verify the suitability of using the mentioned isotherm as reference of the Kuroshio axis in each season, this location was compared, during the five years (1990) (1991) (1992) (1993) (1994) , with indicative isotherms of the Kuroshio axis at different depths.
Detection of the Kuroshio Extension by the surface thermal front
The 5-day mean temperature maps used in this study showed a complicated sea surface temperature distribution. This made it very difficult to identify the current axis by an indicative isotherm at the surface as is commonly done in deep water. To analyze the meridional extent and variability of the warm water spreading northward from the Kuroshio Extension at the surface, we adopted the alternative definition explained below.
Figure 1(a) shows one of the 5-day mean surface temperature maps used in this study, published by JAFIC (JAFIC, 1990 (JAFIC, -1994 . It is possible to identify the first stationary meander of the Kuroshio Extension by the horizontal surface temperature gradient, from the Japanese coast to the trough between the first and the second crests around 147°E. As shown in this figure, throughout the five years it was observed that the meridional temperature gradient abruptly decreases to the south at the longitude of the first crest, and to the north at the longitude of the trough. These characteristics of the meridional temperature gradient at the crest and at the trough are schematically represented in Fig.  1(b) . The isotherm of 1°C below that at the southern edge of the surface temperature gradient at the crest (B 1 ) was defined as the Southern Boundary of the Spread Kuroshio Water (SBSKW), and the isotherm at the northern edge of the same temperature gradient at the trough (A 2 ) as the Northern Boundary of the Spread Kuroshio Water (NBSKW). In the definition of the SBSKW at B 1 , the isotherm just at the southern edge of the temperature gradient was not taken into account, to avoid larger errors induced by its great variability and irregular pattern. On the other hand, the chosen isotherm describes the first stationary meander up to the trough, as is depicted in Fig. 1(a) . In our definition we allocated to both the NBSKW and the SBSKW a temperature difference of no more than 1°C between two consecutive 5-day maps. In Figs. 1(a) and 1(b), A 1 denotes the location of the NBSKW at the first crest and represents the maximum latitude of the northward spreading warm water from the Kuroshio Extension, and B 2 denotes the location of the SBSKW at the trough between the first and the second crests.
In order to justify the use of this method for estimating the meridional extent of the warm water spreading from the Kuroshio Extension, the temperature variability of the NBSKW and the SBSKW during the five years was ana- (Kawai, 1965; Fig. 11) . (b) Temperature variability at the NBSKW and SBSKW during 1990-1994. lyzed and compared with the previous results obtained by Kawai (1965 Kawai ( , 1972 . Figure 2 (a) (Fig. 11 of Kawai, 1965) shows the seasonal variation of the surface temperature in the Kuroshio (K), Perturbed (P) and Oyashio (O) areas from 34 to 43°N and 141 to 150°E. This seasonal variation was obtained from a comparison between the distribution of the surface temperature and the location of the boundaries of the three areas estimated from the subsurface thermal structure for every season of each individual year during 1954-1958. The surface temperature generally reaches a minimum in February-March and a maximum in August and the range of its annual variation is about 10°C in most of the region, but it amounts to 15° in the vicinity of the Oyashio front, the boundary between the Perturbed and Oyashio Areas (Kawai, 1972) . The temperature variability of the NBSKW and the SBSKW during 1990-1994 obtained by the previous definition from each 5-day map is represented in Fig. 2(b) . It is observed that the temperature of the two isotherms so defined shows similar seasonal variability in their phase and amplitude to that of Fig. 2 (a) during the five-year period.
After verifying the agreement of the seasonal variability of the temperature at the defined NBSKW and SBSKW at the surface with the expected seasonal variability for this area, it is assumed that these two isotherms represent the same hydrographic portion throughout the year. Under this assumption, they were used as the northern and southern limits of the warm water spreading northward from the Kuroshio Extension throughout the year. Thus, the shortterm meridional fluctuations of the warm water spreading northward from the Kuroshio Extension at the surface were studied through the spectral analysis of the time series of the maximum latitude of the two defined isotherms using the Fast Fourier Transform during 1990 and 1991. 
Results
Meridional fluctuations of the Kuroshio Extension
The locations of the maximum latitude of the 15°C isotherm at 100 m depth and the maximum latitude of the NBSKW and SBSKW at the surface are depicted in the upper panel of Fig. 3 .
Throughout the whole period the location of the first crest, indicated by the maximum latitude of the 15°C isotherm, shows a latitudinal decrease from minimum values north of 36°N during the first two years to minimum values north of 35°N during the last two years. We recognized four significant eddy events which are represented in the monthly curve by the main peaks in 1990, 1993 and twice in 1994 with latitude near or north of 38°N. This agrees with Mizuno (1984) who mentioned that the maximum latitude of the axis was associated with eddy formation and eddy reabsorption by the main current.
The other two lines of the figure represent the fluctuations of the maximum latitude of the NBSKW and SBSKW taken from the 5-day mean temperature maps. The SBSKW at the crest shows apparent agreement with the monthly curve except mainly during the four occasions mentioned (1990, 1993 and twice in 1994) in which the northward shift of the 15°C isotherm is coincident with the presence of a warm eddy.
Using the vertical temperature profiles obtained from all the R.V. Kofu-Maru cruises during the five years period at 144°E, we compared the relative locations of the indicative isotherms of the Kuroshio axis at four different depths (Fig.  4) . In all the cases the location of the 15°C isotherm at 100 m depth (probably affected by the air-sea interaction) was observed at higher latitudes than the others and a bigger northward shift was noticed in the last cruise of every year (October-November). Kawai (1955) , as already mentioned, observed that the Kuroshio axis was indicated at 100 m depth by higher temperatures at 144°20′ E in November. Kawai (1972) , analyzing the annual variation of the mean temperature in the upper 200 m layer, obtained in this area a maximum in November-December and inferred that this was due to strong heat transport into the Perturbed Area by northward advection in the fall.
The location of the Kuroshio axis indicated by the isotherms at 200, 300, and 400 m depth (see Fig. 4 ) does not show a significant difference. The isotherm of 14°C at 200 m depth, located in an intermediate position, was taken as the reference.
To verify whether the SBSKW at the crest is representative of the position of the Kuroshio axis, we compared its location with that of the 14°C isotherm at 200 m depth observed in the temperature profiles at 144°E (Fig. 5(a) ). The figure confirms a general agreement between the SBSKW and the position of the axis. However, there is a clear systematic difference showing higher latitudes for the SBSKW; and the difference in some cases (as autumn of 1991 and 1993, and summer of 1994) appears to be significant. The reason for the systematic difference is that the maximum latitude of the SBSKW is not exactly at 144°E. Autumn, as we mentioned before, is the season when it is more difficult to interpret the subsurface structure from the surface temperature distribution. The difference seems to be increased by the interaction between the Kuroshio Extension and a big WCR, as in the 1993 and 1994 cases (see Fig. 3 ). The shortterm variability at the surface observed from the 5-day mean temperature maps may not represent the variability of the Kuroshio axis and, the 50-day running mean of the SBSKW was thus taken for comparison ( Fig. 5(a) ). The systematic error was calculated as the mean of the difference between the 50-day running mean of the SBSKW and the location of the axis. This systematic error, with and without the three most different cases already mentioned (autumn of 1991 and 1993, and summer of 1994) is 24 and 16 miles, respectively. Once the systematic error has been corrected, the standard deviation of the difference between the 50-day running mean of the SBSKW and the location of the axis is 25 and 17 miles, with and without the three cases mentioned, respectively. The correlation between the Kuroshio axis by its indicative isotherm of 14°C at 200 m depth and the 50-day running mean of the SBSKW (Fig. 5(b) ) shows correlation coefficients of 0.70 and 0.84, with and without the three cases mentioned, respectively. Thus, the location of the SBSKW at the crest, as indicative of the Kuroshio axis, is a sufficiently accurate approximation for the study of the large amplitude fluctuations of the northward extent of the spreading warm water. However, in autumn and in periods when a WCR is being reattached by the current, as in 1993 and 1994 (Fig. 3) , the deformation of the surface temperature field may not allow confident estimation. Considering the SBSKW at the crest as indicative of the Kuroshio axis, the northward extent of the warm water spreading northward from the Kuroshio Extension into the Perturbed Area would be represented by the latitudinal difference between the maximum latitude of the NBSKW and the SBSKW (Fig. 3, lower panel) .
The spectral analysis of the time series of the maximum latitude of the NBSKW and the SBSKW shows main peaks corresponding with periods of 16 and 38 days and less pronounced ones of 20 and 24 days for the NBSKW and 25 and 35 days for the SBSKW (Fig. 6 ).
Vertical structure of the Spread Kuroshio Water
During the five years we were able to reproduce the vertical structure of the warm water spreading northward from the Kuroshio Extension at 17 different times, six of which include WCRs. Figure 7 represents four typical examples of warm water spreading into the Perturbed Area, each one at a different season, using the 5-day mean surface temperature maps and the corresponding vertical profiles of temperature and salinity at 144°E.
The thickness of the warm water spreading from the Kuroshio Extension into the Perturbed Area (the Spread Kuroshio Water) was identified by its T-S properties. Here, the Spread Kuroshio Water was considered as that which contains the T-S properties found almost simultaneously in the water column just south of the Kuroshio axis. Figure 7 also shows the location of the NBSKW and the SBSKW, as indicative of the warm water spreading northward, in the surface maps and in the vertical distribution of temperature. The salinity range shaded in the vertical profiles is that identified for the Spread Kuroshio Water by its T-S properties. The spreading of warm and relatively high salinity water from the Kuroshio Extension is well represented in the vertical sections by a northward shift, in the surface layer, of the isotherms that represent the Kuroshio front; and by the presence of a salinity maximum in a surface or subsurface layer at the same latitudes. In winter and spring the maximum values of salinity inside the spreading Fig. 7 . Examples of the warm water spreading during winter and autumn, 1990 and spring and summer, 1991 by the 5-day mean surface temperature distributions (upper panel), and the vertical temperature and salinity profiles at 144°E by the Kofu Maru cruises at nearly the same time (middle and lower panels, respectively).
were observed at the sea surface. However, in summer and autumn they appear at the subsurface, below a layer of lower salinity which is generally shallower in summer and deeper (100 m depth or more) in autumn. This also explains the discrepancies mentioned before in the location of the Kuroshio axis by using 100 m depth temperature distribution during this season. In the cases inspected, the Spread Kuroshio Water does not exceed 300 m depth except in some warm eddies, as in October, 1990 (Fig. 7) , in which it extends to more than 400 m depth. Regarding the 17 analyzed cases, the location of the NBSKW is a good indicator of the maximum latitude of the high salinity water that represents the Spread Kuroshio Water.
Discussion
Magnitude of the wind effect
Due to the lack of continuous wind data at 144°E, where warm water spreading from the first crest is always present, data of one of the coastal stations operated by the Japan Meteorological Agency were used. The coastal station closest to our area of study is Tateno (36°03′ N, 140°08′ E) at a latitude similar to that of the Kuroshio axis during the five years (Figs. 4 and 5) and thus close to the generation point of the warm water spread. From values of the wind velocity and direction taken four times per day at the pressure level of 850 hPa, the 5-day mean east-west component of the wind stress was obtained (Fig. 8) . During the 5 years the east-west component of the wind stress, which is generally positive (eastward), shows a period of strong eastward wind from November to May reaching 3 dyn/cm 2 and occasionally more, and a weaker period with some negative (westward) episodes from June to October. This east-west component of the wind stress would induce water transport in the surface layer in a north-south direction. In Fig. 8 we have also plotted for comparison the instantaneous values of the same component of the wind stress in Tateno at 850 hPa and in 144°E between 35 and 37°N at the same level and at the surface (when data were available), to see the reality of using wind data of this coastal station to discuss the effect of the wind on the warm spreading at 144°E. Magnitudes of current velocities of northward intrusions from the Kuroshio Extension have been recorded that are near or even exceeding 1 m/s (Sugimoto et al. 1992b) . From the meridional fluctuations of the maximum latitude of the NBSKW we estimated the velocity of the northwardsouthward shift (Fig. 9) . The magnitude of the velocity of this northward-southward shift commonly has values below 30 cm/s with some peaks up to 60 cm/s. It is reasonable to suppose that this 5-day mean velocity of the meridional shift is weaker than instant velocities of strong intrusions. Figure  9 also shows the N-S component of the Ekman velocity estimated using the E-W component of the wind stress. According to the variation of the wind stress, mean N-S velocities in the Ekman layer are generally southward, with maximum values sometimes exceeding 4 cm/s from November to May and smaller and occasionally northward ones from June to October. Thus, the northward warm water spread cannot be considered as a wind-driven phenomenon. Although the strongest southward wind-induced velocities are often coincident with a short warm water spreading (Fig.  3, lower panel) , their magnitudes are one order smaller than the velocity magnitudes of the northward warm water spread, and thus unlikely to be responsible for the short event. Furthermore, the depth of the Ekman layer oscillates between roughly 20 and 80 m, which is generally shallower than the warm water spread. 
Short-term and seasonal variability of the northward spread
The main periods of the short-term meridional fluctuations of the Spread Kuroshio Water at the surface, obtained by spectral analysis, were 16, 20, 24 and 38 days for the NBSKW and 25 and 35 for the SBSKW. Studies of frontal disturbances of the Kuroshio in upstream regions of our study showed similar periods as the 11-20 days for the East China sea (Eguchi et al., 1982; Shibata, 1983; Sugimoto et al., 1988; Qiu et al., 1990) , 20 and 15 to 30 days for the Tokara Strait (Nagata and Takeshita, 1985; Akiyama and Ameya, 1991) , and 20 and 50 days for the Enshu-nada and Kumano-nada seas (Kimura and Sugimoto, 1983; Kasai et al., 1993) . Sugimoto et al. (1992a) observed that streamers spiraling around the WCR 86B, in the Perturbed Area east of Japan, had a generation frequency from the Kuroshio Extension of once in 20 days and 40-50 days. This agreement of periods within the range of 15-40 days suggests the presence of frontal disturbances with the same periods as an intrinsic characteristic of the Kuroshio, which periodically enhances the amplitude of the northward spreading of warm water, always existing around 144°E, from the Kuroshio Extension into the Perturbed Area.
Although the maximum latitude of the Kuroshio axis does not show clear seasonal fluctuations (Fig. 3, upper  panel) as already observed by Kawai (1955) and Mizuno (1984) , the 5-year time series of the maximum latitude of the NBSKW and the northward extent of the warm water spread (Fig. 3, lower panel) seem to show some seasonal variability. In autumn of 1991, 1992 and 1993 the NBSKW and the SBSKW are located at similar meridional positions, showing periods of water spreading of shorter extent. In 1990 and 1994 this phenomenon seems to be overlapped by the presence of strong eddy events.
The maximum depth of the Spread Kuroshio Water in the spreading area was found between 75 and 300 m, suggesting some dependence on the season. Water with the same T-S properties is found just south of the Kuroshio axis below 300-400 m depth throughout the year, except in summer, when it could be present at shallower depths. Nagata et al. (1986) and Shin et al. (1992) mentioned the existence of a mechanism which raises the deeper thermocline water in the Kuroshio up into the surface layer of the frontal region. The water usually observed below 300-400 m depth south of the Kuroshio axis could be uplifted in the frontal region to a depth at which the density of the water column equals its own density, where it spreads northward. This depth seems to depend on the formation of a surface layer of lower density affected by the interaction with the atmosphere and thus being seasonally dependent. The seasonal variability of the vertical structure could be related to the seasonal variability of the northward extent of the warm water spreading mentioned above. Periods of a shorter warm water spreading are coincident with a deeper distribution of the Spread Kuroshio Water inside the warm water spread. Seasonal variability is also found in the velocity of the northward-southward shift of the warm water spreading (Fig. 2.9 ), which is similar to that of the spreading extent and depth, showing that lower velocities occur in the periods of a shorter and deeper warm water spreading. This is clear, as for the spreading extent, in the three years without strong eddy events. In order to make an accurate analysis of the vertical structure of the warm water spreading and its possible seasonal variability, a more complete time series would be necessary. The relative location of the observation point into the warm water spreading and its age should also be taken into account. At present, we do not have enough data available to consider how the vertical extent of the warm water spreading is affected by its age.
Accuracy of the 5-day mean surface temperature maps in the area of study
To make an estimation of the spatial resolution of the 5-day mean surface temperature maps, we analyzed the distribution of data during the four opportunities represented in Fig. 7 , corresponding to the four different seasons. Due to the huge amount of data in the region, the analysis was performed at 143 and 144°E. Since the warm water spreading usually occurs at the longitude of the first crest, and since the surface data were also compared with vertical distributions of temperature and salinity at 144°E, the chosen area would be suitable for evaluating the error involved in this study. The density of data and the mean distance between them to any point were evaluated by considering areas of 30′ × 30′ in latitude and longitude centered on 143 and 144°E every 30′ of latitude from 35°30′ to 40°00′ E. The amount of data per area and the mean distance to its center, considering relative weight of the data decreasing linearly from the central day of the map (day No. 3 for a 5-day map) to both extremes (days No. 1 and 5) is represented in Fig. 10 . At 143°E the amount of data, although not uniform with latitude, is generally lower than at 144°E, specially south of 38°N. The difference in the amount of data in these four cases between 143 and 144°E is due to the presence of the seasonal Kofu-Maru cruise along 144°E. Moreover, the mean distance from the observation points to the center of each area is bigger at 143°E than at 144°E with an r.m.s. of 12.7 and 8.4 miles, respectively. Considering the error in the measurement of the spreading extent as the ratio of the previous r.m.s. to the spreading extent during the five years, we found that the former represent 11% and 7% of the spreading extent at 143 and 144°N, respectively.
These surface maps also have a time error that can be at most 2 or 3 days and thus the bias in the periods obtained for the meridional fluctuations would not be significant.
Up to the present, the monthly 100 m depth temperature maps have been widely used for the analysis of the horizontal structure in the Perturbed Area. However, since this area shows complicated and convoluted sea surface temperature distributions that correspond to intense mesoscale activity (Vastano and Bernstein, 1984) , the monthly averaging process would filter out the events of smaller spatial scale and shorter than one month. This problem was partially compensated through the use of satellite imagery. However, since a series of consecutive images free of clouds is not common, the temporal evolution of the mesoscale features is very difficult to observe. During summer the development of a diurnal thermocline produces a uniform SST distribution (Kawamura et al., 1986) which could induce errors in its interpretation, and for that reason, images between July and September are usually avoided.
The use of the 5-day mean temperature maps, constructed mainly from sea surface temperature data obtained by research and fishing vessels, provides sufficient temporal and spatial resolution for the identification of mesoscale features, and the problem of cloudy weather is overcome. If the data base were not sufficient for a complete understanding of the surface distribution of temperature, as sometimes happen in winter, the general pattern is obtained using satellite information over the same period. However, as in case of the autumn season, vertical distributions of temperature and salinity data are needed in order to obtain a better interpretation. 
Conclusions
The northward displacement of warm water from the first crest of the Kuroshio Extension into the Perturbed Area includes phenomena of varieties of scales, from the increase in the amplitude of the first crest, implying a northward shift of the main path of the current and the subsequent detachment of a WCR, to narrow warm streamers that develop from the current with a few tens of meters in depth and duration shorter than one month. In this paper we have studied the short-term meridional fluctuation of the Kuroshio Extension water at the first crest in the surface layer. For that purpose a method to detect the Kuroshio Extension water at the surface was necessary and we considered it as bounded by a northern and a southern limit: the Northern Boundary of the Spread Kuroshio Water (NBSKW) and the Southern Boundary of the Spread Kuroshio Water (SBSKW). The location of the NBSKW at the surface corresponds well with the northern boundary of the subsurface high salinity water that represents the Spread Kuroshio Water. We found the following results: (1) the short-term meridional fluctuations of the maximum latitude of the NBSKW and SBSKW have periods between 16 and 38 days at which the northward spreading of warm water is periodically enhanced; (2) the 50-day running mean of the SBSKW at the first crest, for the purpose of this study, can be generally used as indicative of the location of the Kuroshio axis; and (3) although seasonal variability of the maximum latitude of the Kuroshio axis (SBSKW) was not evident, that for the NBSKW, the extent of spread, its vertical structure, and the velocity of the meridional shift was more clear. The effect of the wind on the northward flow does not seem to be important as a driving mechanism of this kind of spreading. However, many characteristics of the development and behavior of the warm water spreading still remain unclear, such as their dynamic constraints, the interaction between phenomena of different scales as WCR, warm tongues and warm streamers, and the interaction with the Oyashio intrusions. It also remains for future work to clarify the behavior of the second crest, which often interacts with the first crest, and its importance as a warm water source for the Perturbed Area east of Japan.
